A new subspecies, Xenorhabdus nematophilus subsp. beddingii, is described to accommodate the bacterial symbionts of two undescribed species of Steinernema, which are entomopathogenic nematodes. Strains of this subspecies are gram-negative, facultatively anaerobic, peritrichously flagellated rods. They occur in two forms; one of these forms is positive for pigmentation (brown), adsorption of bromothymol blue, and production of antimicrobial compounds, whereas the other form is negative for these characteristics. They are pathogenic when injected into insects. Like other X. nematophilus strains, they are negative for catalase and nitrate reductase. All strains produced acid from glucose (no gas), dextrin, fructose, maltose, mannose, and trehalose, and some produced acid from glycerol, ribose, or salicin. The new subspecies is distinguished from the other three subspecies of X. nematophilus by being positive for phosphatase and esculid hydrolysis. The type strain is strain Q W l and has been deposited in the University of Queensland Microbiology Collection as strain UQB 2871.
bacteria belonging to the fourth group has now been isolated. In this paper I describe a new subspecies of X . nematophilus to incorporate the fourth group.
MATERIALS AND METHODS
Bacterial strains. The sources of the bacteria used in this study are listed in Table 1 . The primary forms of the bacteria were isolated by macerating (1) surface-sterilized infectivestage nematodes of the undescribed Steinernema species designated M and N (4, 5). Secondary forms were isolated from aging cultures of the primary form or from in vitro monoxenic cultures initiated with axenic nematodes and primary-form bacteria.
Stock cultures of the bacteria were maintained on yeast extract-salts agar (0.5 g of NH4H2P04, 0.5 g of K2HP04, 0.2 g of MgSo4 . 7H20, 5.0 g of NaCl, 5.0 g of yeast extract, 12.0 g of purified agar, 1 liter of water [9] ) at 12°C and were subcultured monthly.
Methods. Tests for biochemical and cultural characteristics and measurements of cell size were carried out at 28°C by using previously described methods (1, 4) . Antimicrobial activity was tested by a method described previously (3), using strains of Micrococcus luteus and Bacillus cereus subsp. mycoides as indicator organisms. Pathogenicity was assessed by injecting organisms int.0 the hemocoels of wax moth (Galleria mellonella) larvae along with sterile Ringer solution (Akhurst, in press). The concentration of bacteria in a 24-h yeast extract-salts broth culture was estimated by using a Petroff-Hauser slide, and the culture was diluted to the required dosages with sterile Ringer solution. The mortality rate for the Galleria larvae was recorded 3 days after injection.
The guanine-plus-cytosine contents of chromosomal deoxyribonucleic acids (DNAs) of isolates Q58/lT (T = type strain), N37, and T171 were determined by the thermal denaturation method of Marmur and Doty (11) . The melting point was calculated from the following four-parameter logistic equation: R = 6 + a/(l + exp[p -yT) where R was the relative absorbance (corrected absorbance at temperature Ucorrected absorbance at 25°C and a, p, y, and 6 were the four parameters. The ratio of p to y, the inflection point of the equation, was the melting temperature.
RESULTS
All of the isolates were gram-negative, facultatively anaerobic, motile rods. Cell size was highly variable, with lengths ranging from 2 to 13 pm; filaments longer than 20 pm were often observed. Birefringent bodies were observed in the cells, particularly in older cultures. Spheroplasts occurred in cultures after approximately 2 days.
Colonies formed on nutrient agar by the primary form were convex, circular with slightly 'irregular margins, 2 to 3 mm in diameter after 4 days, and granular with light brown pigmentation. Secondary-form colonies were similar, although flatter and wider (diameter, 2.5 to 3.5 mm) and off-white in color.
Primary-form cells adsorbed bromothymol blue (BTB) from nutrient agar containing 0.004% (wt/vol) triphenyltetrazolium chloride and 0.0025% (wt/vol) BTB (NBTA medium), forming blue colonies surrounded by a decolorized zone after 3 to 5 days; secondary-form cells did not adsorb BTB and formed red colonies due to the reduction of triphenyltetrazolium chloride. The primary form also reduced triphenyltetrazolium chloride.
Primary-form cells also adsorbed neutral red from MacConkey agar, forming brown colonies; secondary-form cells did not adsorb neutral red. A large inoculum was usually required to initiate growth on MacConkey agar.
Antibiotic activity was detected in primary-form isolates but not in secondary-form isolates. The nematodes reproduced more rapidly and more prolifically in vivo and in vitro when they were cultured with the primary form than when they were cultured with the secondary form. The primary form was very unstable in vitro and readily converted to the secondary form, which appeared to be stable.
All isolates produced acid from dextrin, fructose, glucose (no gas), maltose, D-mannose, and trehalose. There was a weak acidic response with melezitose up to 3 days, after which the medium became alkaline. No isolate produced acid from adonitol, D-arabinose, cellobiose, esculin, Dgalactose, meso-inositol, inulin, lactose, D-mannitol, melibiose, a-or p-methyl-D-glucoside, raffinose, L-rhamnose, saccharose, D-sorbitol, L-sorbose, or D-xylose.
The guanine-plus-cytosine contents of DNAs from isolates Q58/lT, N37, and T171 were 46.4, 47.9, and 45.7 mol%, respectively.
The results of other tests are summarized in Tables 2 and  3. DISCUSSION A study of primary-form isolates of bacteria associated with the undescribed Steinernema species designated M and N confirmed that Akhurst group IV (4) is distinguishable from the three previously described subspecies of X . nematophilus (Table 4) .
Estimates of the guanine-plus-cytosine contents of DNAs from seven Xenorhabdus sp. isolates, including some strains isolated from Steinernema species M and N, reported previously by me (4) ranged from 46.9 to 50.0 mol%. Estimates of the guanine-plus-cytosine contents of Xenorhabdus DNAs reported by other workers were 43 to 44 mol% (11) and 45.6 mol% (10). The estimates obtained from the current study, 45.7 to 47.9 mol%, are closer to the estimates of other workers and are accepted as more accurate than my earlier estimates (4). A study of the association between Xenorhabdus and Steinernema showed that Xenorhabdus sp. isolate N37, the only associate of Steinernema species N studied, could be distinguished from bacteria associated with Steinernema species M on the basis of specificity (5). This isolate cannot be distinguished on any other basis from the associates of Steinernema species M and so should be recognized as a biovar within the same subspecies.
The isolates studied here have a specific association with the nematode species from which they were isolated and not with other species (5; unpublished data). This specificity warrants their being classified separately from other Xenorhabdus isolates. This group of isolates can be distinguished from the previously described subspecies of X . nematophilus by the conventional method of comparing biochemical characteristics and also by examining isozymes (8). I propose that the differences in biochemical characteristics and isozymes indicate species or subspecies status for this group. Grimont et al. (7) demonstrated relatively low levels of DNA-DNA relatedness between strains of X . nematophilus subsp. nematophilus and strains of X . nematophilus subsp. bovienii. These results indicate that these subspecies should be elevated to species status. However, rather than describe the bacterial symbionts of Steinernema species M and N as a new species, I propose that they be designated a new subspecies of X . nematophilus pending a study of DNA relatedness or some other measure of evolutionary distance.
Description of Xenorhabdus nematophilus subsp. beddingii Akhurst subsp. nov. Xenorhabdus nematophilus subsp. beddingii (bed. din'gi. i. M. L. gen. n. beddingii of Bedding, named for R. A. Bedding). Large, asporogenous, gramnegative rods measuring approximately 0.5 to 1.6 km by 2 to 13 pm, also occurring as filaments more than 20 pm long. Birefringent bodies occur within cells. Spheroplasts occur in cultures after 2 days. Motile and peritrichously flagellated.
Facultatively anaerobic. Chemoorganotrophic with good growth on yeast extract, meat extract, and simple peptone media. Not bioluminescent.
Catalase, oxidase, cytochrome oxidase, and indole are not produced. Nitrate is not reduced. Tests for lysine, ornithine and glutamic acid decarboxylases, and arginine dihydrolase are negative. Urease, phenylalanine deaminase, chitinase, and tyrosinase are not produced. Methyl red and VogesProskauer tests are negative.
Acid, but not gas, is produced from glucose, dextrin, fructose, maltose, D-mannose, and trehalose and, by most strains, from salicin. Acidification of melezitose is weak and not evident after 3 days. Acidification of glycerol and acidification of D-ribose are variable. Occurs in two forms. The primary form produces light brown, granular, convex, circular colonies which are 2 to 3 mm in diameter on nutrient agar after 4 days at 28°C. It adsorbs BTB and neutral red, forming blue and brown colonies on NBTA medium and MacConkey agar, respectively. It has antimicrobial and lecithinase activities. Secondary-form colonies on nutrient agar are slightly wider and flatter than primary-form colonies and are not pigmented. The secondary form does not adsorb BTB or neutral red or have antimicrobial or lecithinase activity.
The guanine-plus-cytosine content of the DNA is 45.7 to 47.9 mol%.
The natural habitat is the intestinal lumina of two undescribed species of entomogenous nematodes, Steinernema species M and N (4,5), and the body cavities of insects infected with these nematodes. Strain Q58/1 (= University of Queensland Microbiology Collection strain UQB 2871) is designated the type strain of the taxon.
